In soil magnetism, the magnetic parameters alone are not always sufficient to distinguish the lithogenic from the pedogenic magnetic fractions. Sequential extraction techniques have therefore been incorporated into magnetic studies to constrain the environmental interpretation. Here we report on the dissolution behaviour of magnetite and maghemite in the acid-ammonium oxalate method to see whether the method is suitable for specific dissolution of magnetic minerals from soils and sediments. To prevent changes in the extraction mechanism during the experiments (see Appendix A), we used an adapted version of the acid-ammonium oxalate (AAO) method, in which Fe 2+ is added to the extraction solution prior to the experiment [the AAO-Fe(II) method]. The procedure was divided into several 30 min extraction steps to check the dissolution progress. Synthetic samples containing a quartz matrix with 0.1 wt per cent of iron oxides were extracted with the AAO-Fe(II) method. The iron oxides consisted of either magnetite or maghemite with grain sizes of <0.5 mm (fine grained or SD/PSD) and <5 mm (coarse grained or MD/PSD), or a 1 : 1 mixture of both minerals. Because only magnetite and maghemite were studied, the changes in magnetic characteristics could be monitored after each extraction step by analysis of the bulk susceptibility and hysteresis parameters measured at room temperature. The AAO-Fe(II) method preferentially dissolved the smaller iron oxides from the samples. For samples containing iron oxides with coarse grain size there is a preference for dissolving maghemite rather than magnetite. Extractions of the samples containing mixtures of two different grain sizes or with different mineralogy show that the method preferentially dissolves the smaller grains before attacking the coarse grains in the sample.
I N T R O D U C T I O N
In environmental magnetism, palaeoclimate studies use the magnetic characteristics of sediments and soils to identify the climatic conditions that prevailed during their deposition or formation. It is possible to use magnetic climate proxies because first, iron is an important component in all rocks and their weathering products, and second, iron (hydr)oxide formation is strongly dependent on climatic factors such as rainfall and temperature (Maher 1998) . Unfortunately, the magnetic signal alone is not always adequate for palaeoclimate reconstruction, and additional methods are needed to improve the interpretation of the magnetic parameters as climate proxy. Ideally, this is a method that can differentiate between maghemite and magnetite within soils.
These two iron oxides have a high magnetic signal compared to other magnetic iron oxides (for example, magnetite has a saturation magnetization of 92 Am 2 kg x1 , while that of haematite is 0.4 Am 2 kg x1 ). This causes the magnetite and maghemite in natural samples often to control the overall magnetic signal. However, the differences in coercivity between maghemite and magnetite are very small and therefore these minerals can be difficult to distinguish by magnetic hysteresis methods only. Susceptibility and magnetization changes with temperature are difficult to interpret because natural maghemite can be thermally unstable due to differences in crystalline structure (for example, the substitution of iron by aluminium or titanium can decrease the Curie temperature of maghemite). Furthermore, organic carbon present in most natural soils will oxidize upon heating and thus can influence the signal.
In environmental magnetism as well as in soil science, it is imperative to differentiate between oxides formed as products of (recent) weathering and those inherited from the parent material. Within soil science, several sequential extraction techniques have been developed that can identify iron (hydr)oxide phases such as total free iron (i.e. easily soluble iron) and X-ray amorphous iron. A technique that is frequently applied in environmental magnetism is the citrate-bicarbonate-dithionite (CBD) extraction method, which is reported to dissolve predominantly (fine-grained) maghemite (Verosub et al. 1993; Hunt et al. 1995; Sun et al. 1995) . However, we have recently shown that the CBD method is only useful for identification of grain sizes of magnetite and maghemite in samples (van Oorschot & Dekkers 1999) .
Therefore, we started an investigation to find other extraction methods that would selectively dissolve iron oxides. Here, we discuss results of extractions of well-defined synthetic samples with the acid-ammonium oxalate/ferrous iron [AAO-Fe(II)] extraction method (results of extractions of natural samples will be discussed in a future paper). The AAO method is reported to extract only the X-ray amorphous iron oxides from soils (Schwertmann 1964; McKeague & Day 1965; Fischer 1972; Cornell & Schindler 1987; Phillips & Lovley 1987) and therefore has potential for application in environmental magnetism where it could be used to dissolve the secondary iron oxides from soils.
The original AAO extraction technique uses a mixture of oxalic acid and ammonium oxalate, and was introduced by Tamm (1922 Tamm ( , 1932 . Schofield (1949) and Deb (1950) showed that the method, when performed in daylight, dissolved the same phases as dithionite (free iron oxides), but to a lesser extent. In UV light, the dissolution of free iron oxides by the AAO method was more extensive, and was shown to be caused by photocatalytic dissolution of iron oxides with oxalate (De Endredy 1963). Schwertmann suggested excluding light from the extraction experiments and demonstrated that only the X-ray amorphous iron oxides are dissolved when the method is performed in the dark (Schwertmann 1959 (Schwertmann , 1964 . Other studies confirmed his results (McKeague & Day 1965; McKeague et al. 1971) .
The AAO method-as described by Schwertmann (1964) has been frequently applied in soil science as well as in some environmental magnetism studies to determine the amorphous and poorly crystalline iron oxide content of soils (e.g. Torrent et al. 1980; Olson & Ellis 1982; Schwertmann et al. 1982 Schwertmann et al. , 1985 Phillips & Lovley 1987; Fine & Singer 1989; Borggaard 1990; Canfield et al. 1992; Golden et al. 1994; Pinheiro-Dick & Schwertmann 1996; Rozan et al. 1997) . However, several studies have shown that crystalline iron oxides can be dissolved as well with the AAO method (e.g. McKeague et al. 1971; Schwertmann 1973; Walker 1983; Borggaard 1988 Borggaard , 1990 Fine & Singer 1989) . Others reported that the method can be applied to dissolve specific minerals, such as magnetite, and that differentiation on the basis of mineralogy would be possible with this method (Chao & Zhou 1983; Golden et al. 1994) . These results contrast with the original observation that the AAO method only dissolves amorphous iron oxides. In the method proposed by Schwertmann (1964) the dissolution rate changes with time. This change in dissolution rate is related to the increasing concentration of Fe 2+ in the extraction solution during the extraction time (Fischer 1972 ; see also Appendix A). A constant dissolution rate can be established by the addition of a small amount of Fe 2+ to the extraction solution prior to the experiment (e.g. Fischer 1972; Blesa et al. 1987; Sulzberger et al. 1989; Grygar 1997 ). This adapted method was used in our experiments and will be referred to as the AAO-Fe(II) method.
Further aspects of this change in dissolution rate as well as the different extraction mechanisms of the AAO method are summarized in Appendix A.
We tested whether the AAO-Fe(II) method would dissolve crystalline iron oxides from synthetic samples by extracting dispersions of well-defined crystalline iron oxides in a quartz matrix. Furthermore, we studied whether the method would selectively dissolve specific minerals from our samples by conducting extractions of mixtures of iron oxides of different mineralogies.
M A T E R I A L S A N D M E T H O D S

Extraction method
The procedure we use is based on the method of Schwertmann (1964) and the modifications described by Grygar (1997) . It involves the use of a 20 mM acid-ammonium oxalate solution with 2 mM Fe 2+ added, as described in the extraction scheme of Fig. 1 . Table 1 compares the parameters of our procedure to those of Schwertmann and Grygar. The extraction solution was prepared with deoxygenated water to prevent oxidation of Fe 2+ in the extraction solution. The oxygen was removed from the water by boiling deionized water (y1.5-2 L) until approximately 1 L was left; this was subsequently purged with Ar gas (y1 hr for 1 L of water) and simultaneously cooled down to room temperature. This water was used to make a 1 L solution of 0.02 M oxalic acid/ ammonium oxalate at pH 3 by adding 1. For each 1 g sample, 50 mL of this solution was required to perform one extraction step. A total of 12 samples as well as two blank samples were used for each sample series, requiring 700 mL of solution per extraction step. For each step a new solution was prepared.
After checking the pH of the solution, 50 mL was added with a dispenser to each of the sample containers. These 100 mL sample containers are made of brown glass, which prevents photo-catalytic dissolution of iron oxides during extraction. Subsequently, the containers were closed and placed on a mechanical shaker (Marius, type 71 SL) at room temperature at medium speed for 30 min. Aluminium foil was wrapped around the containers and the shaker to prevent photochemical dissolution. After 30 min the samples were transferred to centrifuge tubes, and the liquid and solid phases were separated by centrifuging for 10 min at 3600 g (y4417 rpm, the centrifuge was an MSE Mistral 2000). The liquid was decanted (after checking pH, which remained at 3 for all samples) and the samples were rinsed with y50 mL deionized water and centrifuged again. The remaining solid was dried in air in an oven at 40 uC for y12 hr. The extraction step was repeated a maximum of twice, each sample series requiring one day for extraction and drying of the samples.
Synthetic samples
To keep control of as much of the experimental parameters as possible, we used synthetic samples made from a matrix of quartz (analytical grade, Merck) to which iron oxides were added. The quartz grains had an average grain size of 0.2-0.8 mm and contained <0.05 per cent substances soluble in hydrochloric acid. The starting mass of the samples was y1 g and the concentration of iron oxides was y0.1 wt per cent.
The iron oxides were taken from a study by Hartstra (1982a) ; in addition, we prepared fine-grained iron oxides according to the method described in Schwertmann & Cornell (1991) . Table 2 shows the properties of these oxides. The data for the natural iron oxides compare well with the original analyses by Hartstra (1982a) (see Table 3 ). The iron oxides were mixed with the matrix material by stirring both components in acetone in an ultrasonic bath for approximately 2 min (van Oorschot & Dekkers 1999). After stirring, the samples were dried overnight in air in an oven at 40 uC and stored. The samples contained either one of the mentioned iron oxides or a mixture of two of these oxides (see Table 4 ). Each sample series consisted of 12 samples and two blanks. The blanks contained only quartz and were handled in the same way as the other samples. After preparation the samples were transferred to the sample containers.
Magnetic methods
Prior to the start of the experiment and after each extraction step, the dry samples were weighed and bulk susceptibility as well as hysteresis parameters of the samples were measured. Bulk susceptibility was measured with a KLY-2 susceptibility bridge (AGICO). The sensitivity of the equipment is 4r10 x8 SI, and Sample mass 1-5 g soil 5 mg iron oxide 1 g synthetic sample 1 wt% iron oxides Table 2 . Properties and origin of the iron oxides used in this study. Synthetic iron oxides were made according to Schwertmann & Cornell (1991) , while the natural samples were taken from a study by Hartstra (1982a) .
Synthetic iron oxides Natural iron oxides
Magnetite Maghemite -grain size <0.5 mm -grain size <0.5 mm -T c y580 uC -T c y580 uC
(x=0. 05, z=0.8) our data were at least a factor of two higher. The susceptibility after each extraction step was normalized to the starting value of the susceptibility of the respective samples to enable comparison between different sample series. The hysteresis loops were measured with an alternating gradient magnetometer (Micromag) with a saturation field of 500 mT and a field increment of 5 mT. At 500 mT all samples had reached saturation magnetization. The sensitivity of the Micromag was 1 nAm 2 , which was in the same range as the values for the M rs of our blanks as well as for some of the mixtures after two extraction steps. All other samples had magnetizations of at least one order of magnitude higher than the sensitivity of the Micromag. The accuracy of each Micromag measurement was 2 per cent versus the calibration and the calibration was checked after every six measurements. All measurements were 70 per cent slope-corrected because of the high diamagnetic signal from the matrix. Backfield demagnetization was performed in the same magnetometer with a field increment of 1 mT to a maximum field of x100 mT to determine the coercivity of remanence. A definition of all magnetic parameters used in this paper can be found in the glossary of Appendix B.
R E S U L T S
In Section 3.1 the magnetic properties of all sample series prior to extraction are presented. Subsequently, the results obtained from extractions of samples containing either one type of iron oxide (series 1-4 in Table 4 , Section 3.2) or mixtures of iron oxides (series 5-8 in Table 4 , Section 3.3).
Magnetic properties before extraction
The mass susceptibility of the original samples is given in Table 3 . The hysteresis parameters (Table 5) show that all samples plot in different areas of the Day plot (Fig. 2b) . Typical values for the coarse-grained magnetite are 0.15 for M rs /M s and 2.5 for B cr /B c , while coarse-grained titanomaghemite has values of 0.28 and 2.2 for M rs /M s and B cr /B c , respectively. For fine-grained magnetite and fine-grained maghemite, our values are 0.20 and 0.29 for M rs /M s and 2.4 and 1.8 for B cr /B c , respectively, which is within the range published for magnetite by Dunlop & Ö zdemir (1997) . The samples containing maghemite have a higher M rs /M s and a lower B cr /B c ratio than those containing magnetite. Samples of iron oxides with the same mineralogy show slightly higher M rs /M s and lower B cr /B c ratios for samples with fine grain size. Coercivity is high for unextracted samples, especially for the natural titanomaghemite (B cr =53.4 mT), and decreases via coarse-grained magnetite and fine-grained maghemite to the lowest value for the finegrained magnetite (B cr =25.7 mT). The data for the coarsegrained minerals compare well to those published by Hartstra (1982a) and Vlag et al. (1996) .
Changes of magnetic properties with extraction
Susceptibility
After one extraction step, only a small percentage of the initial susceptibility remains in the samples containing fine-grained Table 3 . Initial susceptibility and hysteresis parameters of the iron oxides used in our study (column B) Hartstra (1982a Hartstra ( , 1982b in column A and data from Vlag et al. (1996) Selective dissolution of iron oxides-I 743 iron oxides (Fig. 2) . Loss of susceptibility is slightly higher for the samples with fine-grained magnetite than for those containing fine-grained maghemite. The susceptibility of the samples containing the coarse-grained iron oxides decreases more slowly.
After two extraction steps almost all of the initial susceptibility in the samples with coarse-grained titanomaghemite has been removed, while y40 per cent still remains in the samples containing coarse-grained magnetite.
Hysteresis parameters
The first extraction step causes the most significant change in hysteresis parameters (Table 5 ). The coercivities decrease to less than half the starting value for all fine-grained oxides and the coarse-grained titanomaghemite. The coercivity of the coarse-grained magnetite decreases to y2/3 of the original value. For the fine-grained samples, M rs is reduced to less than 1 per cent of its original value after one extraction step. In the coarse-grained samples the reduction is y50 per cent for the magnetite and y34 per cent for the titanomaghemite. A Day plot of the samples is given in Fig. 2(b) . All samples shift from the pseudo-single-domain (PSD) to the multidomain (MD) range in the Day plot after extraction. This indicates that the PSD characteristics of the samples before extraction are most probably due to the contributions of a range of grain sizes, leading to an average grain size in the PSD range. During extraction the smallest grains are dissolved completely in the first extraction step, causing the average grain size to shift to a larger size. After two extraction steps, the samples with finegrained iron oxides show resemblance in hysteresis parameters to the data of the blanks. The samples with coarse grains of natural titanomaghemite also compare well with the blanks. All extracted samples show a decrease in M rs /M s ratio. This decrease is strongest for the samples containing maghemite. All samples, except those containing fine-grained magnetite, show an increase in B cr /B c ratio after extraction. The decrease in M rs /M s ratio is related to a strong decrease of both M rs and M s , but the value of M rs decreases more rapidly. The increase in B cr /B c is related to a more rapid decrease in B c .
Dissolution behaviour of iron oxide mixtures
In Fig. 3(a) , the decrease in susceptibility with each extraction step is given for all mixtures. The susceptibility of the mixtures after extraction mostly reflects the contribution of the coarsegrained samples, indicating that the fine-grained oxides were preferentially dissolved. The mixtures containing coarse-grained titanomaghemite show a more rapid decrease in susceptibility than those containing coarse-grained magnetite. The contribution of the fine-grained iron oxides to the susceptibility of Schwertmann & Cornell (1991) are indicated with 'syn'; coarse-grained iron oxides from the study of Hartstra (1982a) are indicated with 'nat'. the samples after extraction appears limited. However, judging from the percentage decrease in susceptibility for the different mixtures, the fine-grained maghemite dissolves more slowly from the samples than the fine-grained magnetite.
In Table 6 the hysteresis parameters of the mixtures before and after extraction are compiled. In all mixtures, M rs is almost reduced to zero (y10 per cent of the starting value) after one extraction step, while M s is reduced to approximately 50 per cent of its starting value. For those mixtures containing coarsegrained magnetite (mixtures 1 and 3) , B c and B cr behave very similarly and decrease with each extraction step. For the samples with coarse-grained titanomaghemite (mixtures 2 and 4), B cr increases after one extraction step, and has the lowest value after two extractions. This final decrease in B cr is strongest for the mixture with fine-grained magnetite. B c of these mixtures decreases with each extraction step, but the decrease is most rapid for the mixture containing fine-grained magnetite.
The hysteresis parameters of the mixtures are shown in Fig. 3(b) . Before extraction, all mixtures plot in the same part of the diagram, in the PSD range close to the single-domain (SD) area. After extraction all samples show a decrease in M rs /M s ratio and an increase in B cr /B c ratio, and in the Day plot the samples move towards the MD area. This is an indication that the fine-grained oxides are preferentially removed from the mixture in the first extraction step, which changes the average grain size diameter to higher (more MD) values. The increase in coercivity ratio is strongest for the mixtures containing coarsegrained titanomaghemite, and weakest for the mixtures containing coarse-grained magnetite. The decrease in M rs /M s is strongest for the mixtures containing coarse-grained magnetite and weakest for the mixtures containing coarse-grained titanomaghemite. The fine-grained oxides do not appear to affect the hysteresis parameters of the extracted mixtures.
D I S C U S S I O N A N D C O N C L U S I O N S
Synthetic samples
We have shown that the AAO-Fe(II) method can dissolve crystalline iron oxides of varying grain sizes. However, the dissolution behaviour of each mineral type and grain size is very distinct and they can be identified by magnetic analysis of the samples before and after extraction. With one extraction step, almost all fine-grained iron oxides are removed from the samples.
The results of our experiments show that with a combination of susceptibility and hysteresis data we can distinguish grain size fractions as well as the mineralogy of coarse grains in samples before and after extraction. All single-oxide samples plot in different areas of the Day plot before extraction. After extraction we can make a distinction according to grain size from the Table 6 . Hysteresis parameters of samples after extraction. All parameters are averages of 12 samples. Mix 1 and mix 3 are mixtures of coarse-grained magnetite with fine-grained magnetite and maghemite, respectively. Mix 2 and mix 4 are mixtures of coarse-grained titanomaghemite with fine-grained magnetite and maghemite, respectively. The number in the header represents the number of extraction steps performed. and mix 3 are mixtures of coarse-grained magnetite with fine-grained magnetite and maghemite, respectively. Mix 2 and mix 4 are mixtures of coarse-grained titanomaghemite with fine-grained magnetite and maghemite, respectively. Fine-grained iron oxides prepared according to Schwertmann & Cornell (1991) ; coarse-grained iron oxides from the study of Hartstra (1982a) . Each mixture is the average of a series of 12 samples. The standard deviation varies between 0.8 and 6.5 per cent depending on the extraction step and sample series.
susceptibility data, where the susceptibility decreases most strongly for the fine-grained iron oxides. Furthermore, we can make a distinction between magnetite and titanomaghemite samples from the susceptibility data, which show that the coarsegrained magnetite has the slowest decrease in susceptibility after extraction. Based on the susceptibility decrease, the dissolution rate can be classified as follows: fine-grained iron oxides > coarse-grained titanomaghemite > coarse-grained magnetite. The mineralogy and grain sizes of the mixtures can also be identified from the susceptibility data combined with the Day plot. The susceptibility data reflect the behaviour of the coarsest grain size fraction in the mixtures, and here we can again distinguish between magnetite and titanomaghemite. We also see a more rapid decrease in susceptibility (2-10 per cent more loss of starting susceptibility) for the mixtures containing finegrained magnetite than for those with fine-grained maghemite. In the Day plot, the samples plot close together before extraction. However, the plot is useful to distinguish between the different mixtures after extraction. The data indicate that in mixtures of grain size and mineralogy the preferential dissolution pathway is fine-grained oxides first (with a slight preference for magnetite) and coarse-grained samples last (with a preference for titanomaghemite).
Comparison with citrate-bicarbonate-dithionite extraction
Like the citrate-bicarbonate-dithionite (CBD) method, the AAO-Fe(II) method preferentially dissolves the fine-grained iron oxides from synthetic samples. However, the results of the AAO-Fe(II) method give more information about the type of iron oxides that are dissolved. The CBD method can only be used to differentiate fine from coarse grains (e.g. van Oorschot & Dekkers 1999) , while the AAO-Fe(II) method can identify both grain size and mineralogy. The most important parameter in the CBD method is the extraction temperature (e.g. van Oorschot & Dekkers 1999) ; in the AAO-Fe(II) method light and pH can influence the extraction as well. The dissolution mechanism in the AAO-Fe(II) method is less aggressive and results give more detail than the CBD method; therefore, we would recommend this procedure for use in further studies.
Implications for the future
The AAO-Fe(II) extraction method has good potential as a tool in environmental magnetism. It may be suitable to dissolve all fine-grained pedogenic iron oxides from palaeosol samples in one extraction step, while leaving the lithogenic iron oxides virtually untouched. Because of the slightly preferential dissolution of fine-grained magnetite over fine-grained maghemite, the method could possibly differentiate between magnetite and maghemite within the pedogenic and lithogenic fractions. Before it can be used in environmental magnetism, however, the method needs to be tested on natural samples.
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A P P E N D I X A : E X T R A C T I O N M E C H A N I S M O F T H E A A O V E R S U S T H E A A O -F E ( I I ) E X T R A C T I O N M E T H O D A1 AAO mechanism
The acid-ammonium oxalate extraction mechanism (Schwertmann 1964) is a ligand-promoted dissolution. As shown in Fig. A1(a) , oxalate adsorbs to an Fe 3+ site at the crystal surface. The high polarity of the oxalate leads to a weakening of the bonds between the Fe 3+ and the solid, resulting in the slow release of the iron-oxalate complex into the solution. pH is an important factor in the AAO mechanism; protons facilitate the dissolution process by protonating OH groups on the mineral surface, thereby contributing to a weakening of the Fe-O bond. Thus, a decrease in pH will increase the dissolution rate. However, a decrease in pH increases the protonation of ligands in solution, thus a decrease in pH will decrease the adsorption of ligands to the mineral surface. As a result of these opposing processes, the AAO method has an optimum pH range of 2-4, where dissolution is maximum (Cornell & Schwertmann 1996) .
Another influence on the pH is the presence of calcium carbonate in samples. When calcium carbonate is present in a sample, it will buffer the acid from the extraction solution and thus increase the pH. At pH values above 3, the rate of dissolution of iron will rapidly decrease (e.g. Parfitt 1989; Del Campillo & Torrent 1992) . A simple calculation, assuming all acid in the extraction solution is used for the reaction of carbonate to CO 2 , indicates that the calcium carbonate has to be present in amounts greater than 10 wt per cent to buffer the system completely. When calcium carbonate concentrations exceeds 10 wt per cent, it is advisable to add more oxalic acid to the solution until the pH has stabilized at 3 (Del Campillo & Torrent 1992) .
In the method proposed by Schwertmann (1964) , the dissolution rate changes with time. As shown in Fig. A2 , the dissolution rate increases considerably after an initial period of slow dissolution (Fischer 1972; Borggaard 1990; Hering & Stumm 1990 ). This change in dissolution rate is related to the increased concentration of Fe 2+ in solution, which has a catalytic effect on the dissolution mechanism (Borggaard 1981) . The Fe 2+ combines with the oxalate in solution to form a complex that can dissolve iron from the solid more easily than an oxalate ion on its own. The oxalate in the complex acts as a bridging ligand for the electron transfer between the Fe(II) of the complex and the Fe(III) in the solid surface. After dissolution of the iron from the solid, the Fe 2+ will be released into the solution and can combine again with oxalate to form a new complex, which in turn can be used in the dissolution of more iron from the solid surface. By addition of a small amount of Fe 2+ to the extraction solution at the start of the experiment, the initial slow rate of the AAO method disappears (Fischer 1972; Baumgartner et al. 1983; Cornell & Schindler 1987; Suter et al. 1988; Sulzberger et al. 1989; Borggaard 1990; Hering & Stumm 1990; Stumm & Sulzberger 1992) . Here, we refer to the adapted method, using Fe 2+ as a catalyst, as the AAO-Fe(II) method.
A2 AAO-Fe(II) mechanism
This dissolution mechanism has been described several times (Cornell & Schwertmann 1996) and is shown in Fig. A1(b) . The addition of Fe 2+ to the extraction solution promotes the iron oxide dissolution because the Fe(II)-oxalate complex is a strong reductant. At low pH, both the Fe 2+ and the surface of iron oxides are positively charged and repel each other electrostatically. The charge reversal of Fe 2+ due to its complexation with oxalate enables adsorption of the complex with the solid. The first step in the AAO-Fe(II) dissolution mechanism is the formation of a complex between Fe 2+ and oxalate in solution. This complex adsorbs to an Fe(III) site on the mineral surface. The newly formed inner-sphere complex shifts the electron density towards the Fe(III) on the mineral surface and facilitates electron transfer with oxalate as the bridging ligand between the two iron atoms (Baumgartner et al. 1983; Cornell & Schindler 1987; Stumm & Sulzberger 1992) . The reduced iron complex at the mineral surface can then be detached.
A P P E N D I X B : G L O S S A R Y O F M A G N E T I C T E R M S U S E D I N T H I S P A P E R
B c coercivity [mT] =the reverse field required to reduce the magnetization to zero from saturation B cr coercivity of remanence [mT] =the reverse field required to reduce the remanent magnetization to zero after saturation M rs saturation isothermal remanent magnetization [ Fe 2+ (solid line) and a similar solution without Fe 2+ added at the start of the experiment (dotted line) (modified after Baumgartner et al. 1983) .
